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METHODS OF PRODUCING OXAZOLIDINONE COMPOUNDS 

CROSS-REFERENCE TO RELATED APPLIC ATION 

This application claims the benefit of provisional patent application Serial No. 
60 241,122, filed October 17, 2000. 



The present invention relates to a method of preparing 
10 pharmacologically active oxazolidinones and various intermediates used in the 
method. The oxazolidinone derivatives are useful as broad spectrum antimicrobial 
agents which are effective against a variety of human and veterinary pathogens. 



are well known to persons skilled in the art as pharmacologically useful antibacterial 
agents. For example, U.S. Patents 5,164,510, 5.182,403, and 5,225,565 disclose 
antibacterial 5'-indolinyl-oxazolidinones, 3-(5'-indazolyl)-oxazolidinones, and 3- 
20 (fused-ring substituted)phenyl-oxazolidinones, respectively. Similarly. U.S. Patent 

Nos. 5,231,188 and 5.247,090 disclose several tricyclic [6.5.5] and [6.6.5]-fused ring - 
oxazolidinones which are useful pharmaceutical agents. International Publication 
W093 09103 discloses antibacterial mono- and di-halophenyl-oxazolidinones. 



25 acetamidomethyl-oxazolidinone moiety of these therapeutic agents. The first method 
involves condensation of an aromatic carbamate ( Ar-HN-C( 0)-OR) or aromatic 
isocyanate ( Ar-N^C^O) with a halopropanediol or another nitrogen-free three-carbon 
reagent to provide an intermediate oxazolidinone having a hydroxymethyl substituent 
at the C-5 position of the oxazolidinone. The hydroxy! group then is replaced by an 



FIELD OF THE INVENTION 



BACKGROUND OF THE INV ENTION 



Compounds that contain the 5-acetamidomethyl-oxazolidinone moiety 



Persons skilled in the art use two primary methods to prepare the 5- 
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acctamido group to give a pharmacologically active 5-acetamidomethyl- 
oxazolidinone. 

Many \ ariants of this two-step process have been developed, and 
examples are illustrated in U S. Patent \os. 4.150,029, 4.250,318, 4,476,136, and 
5 4,340,606, which disclose the synthesis of 5-hydroxyniethyl-oxazolidinones from 
amines (Scheme A). The mixture of enantiomers produced by this process are 

Scheme A 

R' R" O 

R" = H, -S0 2 Ar 



-OH 




Multiple steps 



OH 




10 

separated by fractional crystallization of their mandelic acid salts. The 
enantiomerically pure R-diol then is conv erted into the corresponding 5-(R)- 
hydroxymethyi-oxazolidinonc by condensation with dicthvlcarbonate in the presence 
of sodium methoxide. The 5-(R)-hydroxyinethyl-oxazolidinone then is aminated. 

1 5 and the resulting amine acylated in subsequent steps. 

Likewise, U.S. Patent No. 4.948,801, ./. Med. Client.. 32. 1673 
(1980), and Tetrahedron, 45. 1323 (19S9) disclose a method of producing 
oxazolidinones which comprises reacting an isocyanate (R-N^C O) with (R)-glycidyl 
butyrate in the presence of a catalytic amount of a lithium bromidc-tribuK Iphosphine 

20 oxide complex at 135-145°C to produce the corresponding 5-( R)-butyrylox\ methyl- 
oxazolidinone. The butyrate ester then is liydrolyzed in a subsequent step to provide 
the corresponding 5-( R)-hydroxymethyl-oxazolidinone. The 5-( R)-hydroxymeth\I- 
oxazolidinone then is aminated in a subsequent step. 
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Similarly, the following references disclose v ariations of the reaction 
of a carbamate with glycidyl butyrate: Abstracts of Papers, 206th National Meeting 
of the American Chemical Society, Chicago, IL. August, 1093; American Chemical 
Society: Washington, DC, 1903; ORGN 080; ./. Mai ( Iwm., 39, 673 (1006); J. Mai 
5 Chem., 39, 680 (1006); International Publications WO03 001 03, WO03 23384, 
VVO05 07271, WO06/ 13502, and WO06 15130; Abstracts of Papers, 35th 
Interscience Conference on Antimicrobial Agents and Chemotherapy. San Francisco, 
CA, September, 1005; American Society for Microbiology: Washington, DC, 1005, 
Abstract No. F208; Abstracts of Papers, 35th Interscience Conference on 

10 Antimicrobial Agents and Chemotherapy, San Francisco, CA, September, 1005; 
American Society for Microbiology: Washington, DC, 1005, Abstract No. F207; 
Abstracts of Papers, 35th Interscience Conference on Antimicrobial Agents and 
Chemotherapy, San Francisco, CA, September, 1005; American Society for 
Microbiology: Washington, DC, 1005, Abstract No. F206; Abstracts of Papers. 35th 

15 Interscience Conference on Antimicrobial Agents and Chemotherapy, San Francisco, 
CA, September, 1005; and American Society for Microbiology: Washington, DC, 
1005, Abstract No. F227. The disclosed reactions use cither //-butyllithiuni, lithium 
diisopropylamide, or lithium hexamethyldisila/ide as the base to generate the 
nucleophilic anion or the carbamate over a temperature range of -78°C to -40°C, 

20 follow ed by addition of the glycidyl butyrate at -78°C, and warming to 20-25°C to 

produce the 5-(R)-hydrox>methyl-oxa/olidinones wherein the ester is cleaved during 
the reaction. 

As stated previously, the 5-(R)4iydroxymethvLoxa/oIidmones then are 
animated and acylated in subsequent steps. For example. International Publication 

25 WO05 07271 discloses the ammonolvsis of 5-(R)-methyIsulfon\ loxymethyl- 
oxa/olidinones. Likewise, U.S. Patent No. 4,476,136 discloses a method of 
transforming 5-hydroxymethyl-oxa/oIidinones to the corresponding 5-(S)- 
aminomethyl-oxa/olidinones (X) by treatment with methanesulfonyl chloride, 
followed by potassium phthalimide, then followed by hydra/me. J. Med. Chcm., 32, 

30 1673 ( 1080) and Tetrahedron, 45, 1323 ( 1080) disclose a method of transforming 5- 
hydroxymethyl-oxazolidinones into the corresponding 5-( S )-acetamtdomethyl- 
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oxa/olidinoncs by treating with methanesulfonyi chloride or tosyl chloride, followed 
by the stepw ise addition of sodium a/ide. trimethylphosphite. or platinum 
dioxide hydrogen, and acetic anhydride or acetyl chloride to give the desired 5-(S)- 
acetamidomethyl-oxazolidinone. Likewise, L\S. provisional application Serial No. 
5 00 01 5,499 discloses a method of preparing 5-(S)-hydroxymethyl-oxazolidinone 

intermediates, as well as a process to conv ert these intermediates into 5-aminomethyl- 
oxa/ohdinone intermediates which can be acylated to produce pharmacologically 
active 5-(S)-acetamidomcthyl-oxazolidinones. U.S. Patent No. 3,054,298 discloses 
the synthesis of 5-alkoxymcthyl-3-aryl-oxazolidinones by sodium ethoxide induced 
10 cyclization of chlorocarbamates. 

The second method (Scheme B) invok es condensation of an aromatic 
carbamate (a) or isocyanate (b) with a protected nitrogen (NP)-containing three- 
carbon reagent to provide an oxazolidinone having the desired amine functionality at 
the 5-position (e). For example, ./. Med. Chem^ 33, 2569 (1990) 

15 




b d 



Scheme B 

discloses the condensation of an isocyanate (b) with racemic glycidyl azide (c, NP 
20 =N.;) to provide a racemic 5-azidomethyl-oxazolidinone (e). Two subsequent steps 
are required to convert the racemic a/idomethyl-oxazolidinone into a racemic 5- 
acetamidomethyl-oxazolidinone (e. NP NHAc), which has antibiotic activity. 
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International Publication W099 24393 discloses the reaction of a 
ben/ylearbamoyl amine with three carbon reagents containing amines (\P - NH : ). 
acetamules (NP - NHAc), ben/alimmes (NP ~ \ C-Ph). or phthahmides. Likewise. 
Tetrahedron Letters, 37, 7937-40 (1996) discloses a synthesis of acetamidomethyi- 
5 oxazolidinones involving the process of condensing a carbamate with 1.1 equivalents 
of //-butyl lithium (tetrahydrofuran (THF), -78°C), followed by 2 equiv alents of S- 
glycidylacetamide (a, NP = -NHAc), to give the corresponding 5-(S)- 
acetamidomethyl-oxazolidinone (e). The S-glycidylacetamide can be made by the 
procedure disclosed in Jacobsen et. al., Tet. Lett. 37, 7937 ( 1996). 

10 The S-enantiomer of epoxide (c) (Scheme B, NP = NHCCM-Bu) is 

well known in the literature, and has been used to prepare oxazolidinones as disclosed 
in International Publications WO 99 40094 and WO 99/3764, and German Patent 
application DE 19802239 Al, although by different routes than that shown in Scheme 
B. The (S)-epoxide (c) has been prepared by a hydrolytic kinetic resolution of the 

\5 racemic epoxide as disclosed in WO 00/09463, and from R-glycidol as disclosed in 

WO 93/01 174 and./ Med. Chem.. 37, 3707 (1994). However, the (S)-epoxide has not 
been prepared in crystalline form. 

The prior art is silent with respect to the use of carbamates (a) or 
isocyanates (b) in condensations with tert-butylcarbamoyi-, (BOO), or other 

20 carbamoyl-protected nitrogen-containing three-carbon reagents (c.d, NP =NCOOR") 
to directly form oxazolidinones (e). The present invention involves condensation of a 
carbamate w ith a carbamoyl-protected derivative of glycidylamine or 3-amino-l-halo- 
2-propanol. The use of the carbamoyl protecting group, and specifically a tert- 
butylcarbamoyl (BOC) protecting group, results in a more facile reaction, w ith a 

25 greater yield, compared to the prior art. For example, the analogous acetamide 

reaction (Scheme B, NP NHAc) typically requires the use of two equivalents of this 
reagent for the condensation to occur. In contrast, only 1.3 equivalents of the tert- 
butylcarbamoyl reagent (Scheme B. NP = NHBOC) is required to obtain comparable 
yields. The success of such a carbamate condensation is both surprising and 

30 unexpected because of the apparent stenc hindrance of the tert-butylcarbamo\ 1 group. 
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The present invention also is directed to the conversion of an 
isocyanate into the ( S )-enantiomer of a 5-substituted-oxazolidinone in a single step. 
The ( S )-enantiomers of 5-substituted-oxazolidinoncs have greater antibiotic activity 
than the racemates. IAS. Patent No. 5,332,754 discloses that racemic 5- 
5 acetamidomethyl- oxa/olidinones can be synthesized in one step by condensation of a 
carbamate with racemic giycidyl acetamide in the presence of a base, such as an 
amine, alkali metal hydroxide, an alkali metal alkoxide, and the like, and that it is 
preferred to carry out the reaction at an elev ated temperature, preferably at a 
temperature betw een 9()°C and 1 10°C. The patent prov ides no yields or description of 

10 this process in the examples, and evidence indicates that, under these conditions, 
rearrangement to an undesired side product occurs. Indeed, the examples do not 
disclose a one-step process, but disclose multi-step routes that are known to those 
skilled in the art, including mesylation of a 5-hydroxymethyl-oxazolidinonc followed 
by azide displacement, hydrogenation, and acetylation of the amine. 

15 The present method differs in that a) the reaction is between a 

protected carbamate (I) and an (S)-glydidyl alkylcarbamate (II), an (S)-chlorohydrin 
alkyicarbamate (IV), or an (S)-chloroacetate alkylcarbamate (V) (Scheme B, NP = 
NHalkyl); b) the reaction is between an isocyanate (VI) and an (S)-glydidyl 
alkylcarbamate (II), an (S)-chlorohydrin alkylcarbamate (IV), or an (S)-chloroacetate 

20 alkyicarbamate (V) (Scheme B, NP =NHalkyl), and c) the reaction is performed 

under conditions such that competing rearrangement to the undesired side products is 
largely suppressed. 



SUMMARY OF THE INVENTION 

The present inv ention is directed to a method of synthesizing 
oxazolidinones and intermediate compounds used in the synthesis. As shown in 
Schemes 1, 2, and 3 below , one aspect of the present inv ention is to provide an 
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Scheme 1 




ii o 
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o 



Scheme 2 
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S)-oxazolidinone alkylcarbamoyl intermediate of structural formula (III), an (S)- 
secondary alcohol of structural formula (IV"). and an (S)-cster protected alcohol of 
structural formula (V ), or a salt or hydrate thereof or acceptable salts, hydrates, or 
pro-compounds thereof, wherein R 1 is optionally substituted aryh R" is selected from 
5 the group consisting of C]-C:u alkyh CVC- cycloalkyk aryl optionally substituted with 
one or two C r C; alkyl or halogen groups, allyl, 3-methylallyl, 3,3-dimethylallyl, 
vinyl, styrylmethyh benzyl optionally substituted on the aryl with one or two CI. CV 
C4 alkyl, nitro, cyano, or trifliioromethyl groups, 9-fluorenylmethyl, 
trichloromethylmethyk 2-trimethylsilylethyl, phenylethyl, 1-adamantyl, 
10 diphenylmethyl, 1 A -dimethylpropargyl, 2-furanylmethyl, isobornyl, and hydrogen; R ' 
is C]-C] { ) alkyl; R 4 is H or C1-C5 alkylcarbonyl; and X is halogen, alkylsulfonyl, or 
arylsulfonyl. 

Another aspect of the present invention is to provide an (S)-epoxide of 
structural formula (II), an (S)-oxazolidinone t-butylcarbamoyl intermediate of 
15 structural formula (III), an (S)-secondary alcohol of structural formula (IV), and an 
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(S)-ester protected alcohol of structural formula ( Y), or acceptable salts, hydrates, or 
pro-compounds thereof, in crystalline form, and a process of preparing these 
compounds in crystalline form. 

One other aspect of the present invention, as show n in Scheme 4, is to 

Scheme 4. 




provide a process for the preparation of an (S)-3-carbon carbamoyl alcohol of the 
10 structural formula (IV) which comprises (a) contacting a dialkyldicarbonate with an 
(S)-amino alcohol of formula (VIII) in the presence of a base, such as a 
tri(alkyl)amine. The (S)-3-carbon carbamoyl alcohol can be isolated in crystalline 
form after recrystallization. 

Yet another aspect of the present invention, as shown in Scheme 5, 

15 

Scheme 5 




is to provide a process for preparing a secondary protected-alcohol of structural 
20 formula (V) w hich comprises contacting an (S)-3-carbon amino alcohol of structural 
formula (IV) with an acyiating agent and a base, such as a tri( alky 1 )amine. The (S)- 
secondary protected-alcohol can be isolated in crystalline form after rccrystalli/ation. 

- 1 0- 
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Yet another aspect of the present invention, as shown in Scheme 6, 

Scheme 6 

x or 4 




o 

IV, r 4 = h 11 

V. R 4 = C r C 6 alkylcarbonyl 



5 is to provide a process for the preparation of a (S)-epoxide of structural formula (II) 
which comprises contacting an (S)o-carbon amino alcohol of structural formula (IV) 
or (S)-secondary protected-alcohol of structural formula (V) with a base. The (S)- 
epoxide can be isolated in crystalline form after chromatography. 

Another aspect of the present invention is to provide a process for the 
10 production of an (S)-oxazolidinone of structural formula (III) which comprises 

contacting a carbamate of structural formula (I) with an oxygenated amino reagent 
selected from the group consisting of an (S)-t-butylcarbamyl secondary alcohol of 
structural formula (IV), an (S)-t-butylcarbamyl epoxide of structural formula (II), or 
an (S)-t-butyicarbamyi ester of structural formula (V), in the presence of a lithium 
1 5 cation and a base whose conjugate acid has a pKa greater than about 8. 

An additional aspect of the present invention, as show n in Scheme 7, is 
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Scheme 7 



-NH O R' 

Y 

o 



\ 



A. 



o 



0 ii 



IX 



-NH 



-NH R 3 

X. R D = C^-Cg alkylcarbonyl or C r C 6 cycloalkylcarbonyl 

.".I, R 5 = C r C 6 alkylthiocarbonyl or C--C e cycloalkylthiocarbonyl 



to provide a process for the production of an (S)-3,5-disubstituted-o\azolidinonc of 
the structural formula (X) and (XI) which comprises (a) contacting a carbamate of 
5 structural formula (I) with an (S)-protected alcohol of formula (V) in the presence of a 
lithium cation and a base whose conjugate acid has a pKa of greater than about 8 to 
provide an (S)-protected-oxaxolidinone of the structural formula (III) (see Scheme 2), 
(b) contacting the reaction product of step (a) with aqueous acid to produce an (S)- 
oxaxolidinone free amine of structural formula (IX). and (c) contacting the product of 
10 step (b) with a base, such as a tri(CVC\ alk\i)amine. and an acylating or thioacylating 
agent selected from the group consisting of (i) an acid anhydride of the structural 
formula 0(R ): , (ii) an activated acid of the structural formula R X to provide (X) or 
(iii) a dithioester of the structural formula R ? S(C : " : S )R/ to provide (XI). 
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w herein R/ is alkylcarbonyl, CVO, cycloalkylcarboin I, CVC 

alkylthiocarbonyl, or ( t -(Y cycloalkylthiocarbonyL and X is halogen, alkylsultbnyk 
or arylsulfonyl. 

A further aspect of the present invention is to provide a one pot process 
5 for the production of an ( S )-oxa/olidinone of structural formula (X) and (XI) which 
comprises (a) contacting a carbamate of formula (1) w ith either an ( S )-t-butyicarbamyl 
secondary alcohol of the structural formula (IV) or an (S)-t-butylcarbamyl epoxide of 
the structural formula (II), in the presence of a lithium cation and a base w hose 
conjugate acid has a pKa of greater than about 8, (b) contacting the product of step (a) 

10 with aqueous acid, and (c) contacting the reaction product of step (b) with a base, 

such as a tri(d-C\ alkyi)amine, and and an acylating or thioacylating agent selected 
from the group consisting of (i) an acid anhydride of the structural formula 0(R/ )^ , 
(ii) an activated acid of the structural formula R X, or (iii) a dithioester of the 
structural formula R^S(C=S)R/ , wherein R/ is CVC alkylcarbonyl, C\-C h 

15 cycloalkylcarbonyl, CVG, alkylthiocarbonyl, or CVG, cycloalkylthiocarbonyK and X 
is halogen, alkylsulfonyk or arylsulfonyl. 



DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

20 

As used herein, the terms and phrases have the meanings, definitions, 
and explanations known in the art Some of the more commonly used phrases arc 
described in more detail below. 

"AlkyT refers to a cyclic, branched, or straight chain aliphatic group 

25 containing only carbon and hydrogen, for example, methyl, pentyk and adamantyl. 
Alkyl groups can be unsubstituted or substituted with one or more substituents, c\y.. 
halogen, alkoxy, aeyloxy. amino, hydroxyl, mercapto. carboxy. ben/yloxy, aryl. and 
ben/yl. Alkyl groups can be saturated or unsaturated (e.g., containing alkenyl or 
alkynyl subunits at one or several positions). Typically, alkyl groups contain 1 to 

30 about 12 carbon atoms, preferably 1 to about 10, or 1 to about 8 carbon atoms. 



-13- 



PATHVi APPLICATION 
28341 6301 A. LS 

"Ar\ r refers to a monovalent aromatic carbocyclic group having a 
single ring (e.g., phenyl), multiple rings (e.g., biphenyl), or multiple condensed rings 
(e.g., naphthyl or anthryl). Ary] groups can be unsubstitutcd or substituted with 
amino, hydroxy!, alky K heteroalkx I, alkoxy, halo, mercapto, sulfonyl, nitro, and other 
substituents. Typically, the aryl group is a substituted single ring compound. For 
example, the aryl group is a substituted phenyl ring. 

The term "halo" or "halogen" is defined herein to include fluorine, 
bromine, chlorine, and iodine. 

The term "alkoxy" and "aryloxy " are defined as -OR, wherein R is 
alkyl or aryl , respectively. 

The term "hydroxy" is defined as -OH. 

The term "amino" is defined as -NR 2 , wherein each R, independently, 
is alkyl or hydrogen. 

The term "alkylcarhonyl" is defined as R-C(=0)-, where R is alkyl. 
The term "alkylthiocarbonyl" is defined as R-C(-S)-, where R is alkyl. 
The term "alkylsulfonyl " is defined as R-SO3-, where R is alkyl. 
The term "arylsulfonyl " is defined as R-SO;-, where R is aryl. 
The oxazolidinone ring system is numbered as follows: 




The present invention is directed both to novel synthetic intermediates 
and to methods of preparing pharmaceutical^ active and commercially valuable 
oxa/ohdinone antibiotics, as defined below by the following general synthetic 
schemes. 
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Scheme 1 . 



o 





Scheme 1 sets forth the reaction between a carbamate (I) and an (S)-epoxide (II) to 
5 produce the corresponding (S)-oxazolidinone (III). Carbamates (I) are known to those 
skilled in the art, or can be readily prepared from known compounds by methods 
known to those skilled in the art (See example 1 ). Suitably. R 1 is an aryl group, 
optionally substituted. Preferably, R 1 is: 




10 wherein Q 1 is: R'V'n. 




or Q and R N taken together are dihydropyrrohdine. optionally substituted with R 
Z 1 is CH:(CH : ) P , CH(OH)(CH : ) p , or C(O); 
Z : is(0) P S. O. or\(R 13 ); 




PATKNT APPLICATION 
28341 (>30lA.l'S 

Z ' is (0),,S or O; 
A 1 is H or CH.,: 

A" is selected from the group consisting of: 
a) H. 

5 b) HO. 

c) CFL, 

d) CFLO, 

e) R 14 OCH 2 =C(0)NH, 
0 R 15 OC(0)NH, 

1° g) (Ci-COalkoxycarbonyl, 

h) HOCH 2 , 

i) CFLONH, 
j)CH,C(0). 

k) CH.,C(0)CH 2 , 
15 l)CH;C(OCH : CH;0),and 
m) CH;C(OCFLCFLO)CH : , 
or A'-C-A : taken together are CH;,-C(OCH 2 CH : 0), C(O), or C(=NR"); 
R s is H or F, or is taken together with Q 1 as above; 
R" is H or F; 

-0 R 1 " and R 11 are taken together with the N atom to form a 3.7- 

diazabicyclo[3.3.0]octane. pyrrole, pyrazole. imidazole, 1 ,2,3-triazole. 1 ,2.4-triazole. 
morpholine or a piperazine group, optionally substituted with R 1 
R 1 " is selected from the group consisting of: 
a) CFhC(O) . 
-5 b)HC(O) . 

c) Cl : CHC(0) . 

d) HOCH ; C(0) . 

e) CH:SO : . 

f) F : CHC(0) . 

30 g) H,CC(0)OCH : C(0) . 

h) HC(0)OCH : C(0) . 

-16- 
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1) R :i C(0)OCH : C<0) . 

J) H;,CCHUH;OC'H;C(()) . 

k) ben/vlOCIUUtO) . 
i)-m) 




R 1 ' is selected from the group consisting of: 

a) R 14 OC(R"')(R r )C(0) . 

b) R l5 OC(0) . 
10 c)R ,s C(0)-, 

d) H,CC(0)(CH^hC(0) . 

e) R'"S0 2 -. 

0 HOChUCtO) , 
g) R : "(CH : )r , 
15 h) R 2, C(0)OCH : C(0) . 

i) (CH0:NCrUC(O)NH , 
j) NCCH 2 , 
k) F : CHCH: - 
D-m) 




and 



R u is H, CH„ benzyl, or CH .C(O) ; 
R 1 "" is (Ci-C.Oalkyl, aryl, orben/yl; 
R w> and R , independently are H or CH;; 
25 R x is selected from the group consisting of: 

-17- 
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a) H . 

h) (C,-C 4 )alkyl. 

c) arvKCH;).,,. 

d) ClH.-C . 
5 e)CFHC . 

0 FH : C . 

g) F : HC , and 

h) (C\-C„)cycloalkyl; 

R 1 '' is selected from the group consisting of: 
10 a)Chh, 

b) CH 2 Cl. 

c) CH : CH==CH : , 

d) aryl, and 

e) CH : CN; 
15 R-° is OH. CH.-.O , or F; 

R : ' is: 

a) CH. ; , 

b) HOC'H: . 

c) aniline, or 

20 d) (CH v);N-CH : , 

R" is selected from the group consisting of: 

a) HO- 

b) CH -O- 

c) H : N- 

25 d)CH OC'(0)0 . 

e) CH;.C(0)OCH : C(0)0 . 
0 aryl-CH;OC'H : C(0)0 . 

g) HO(CH;) : 0 . 

h) ('11;.0('11 : 0(('11:):0 . and 
30 i)C1FOCH : 0 ; 

in is 0 or 1 : 

-IS- 
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n is 1-3; 

p is 0-2; and 

aryl is unsubstituted phenyl or phenyl unsuhstituted with one of the following: 

a) F. 

b) CL 

c) OCLL, 

d) OH, 

e) NH 2 , 

f) (CVC 4 )alkyL 

g) OC(0)OCH 3 , or 

h) NO : ; 

and protected forms thereof 

Specific substituted Q 1 groups include, but are not limited to, 4- 
(benzyloxycarbonyl)-l-piperazinyl, 4-morpholinyL and 4-hydroxyacetylpiperazinyl. 
Especially preferred R l groups include 3-fluoro-4-[4-(benzyloxycarbonyl)-l- 
piperazinyljphenyf 3-fluoro-4-(4-morpholinyI)phenyl, 4-( L 1 -dioxohexahydro- 1 /J'- 
thiopyran-4-yl)-3-fluorophenyI, 3-fIuoro-4-tetrahydro-2H-thiopyran-4-yiphenvi, 3,5- 
difluoro-4-(4-thiomorpholinyl)phenyI, 3-fiuoro-4-(3-thietanyl)phenyl, and 4-( 1,1- 
dioxido-3-thictanyl)-3-fluorophenyl. 

R" is selected from the group consisting of Ci-Oo alkyL CVC- 
cycloalkyl. aryl optionally substituted with one or two Ci-Cuilkyi or halogen groups, 
ally! 3-methylallyL 3,3-dimethylallyi, vinyl, styrylmethyL benzyl optionally 
substituted on the phenyl with one or tw o CL C1-C4 alkyL nitro, cyano, or 
trifluoromethyl groups, 9-fluorenylmcthyL trichloromethylmethyl, 2- 
trimethylsilylethyL phenvlethyl, 1 -adamant} 1. diphenylmethyl, 1,1- 
dimethylpropargyl, 2-furanyhnethyL isobornyL and hydrogen. Preferably, R : is 
methyl. R ; is Ci-C, (1 alkyl, and, preferably, R ; is C 4 -C- tertiary alkyL 

The carbamate (I) and S-epoxide (II) are reacted in the presence of a 
base and a solvent. The identity of the base is not critical as long as the base is 
capable of deprotonating carbamate (I), i.e.. a base whose conjugate acid has a pKa of 
greater than about 8. A preferred base is selected from the group consisting of an 
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alkoxy group having one through seven carbon atoms; a carbonate; a methyl, sec- 
butyl or t-butyl carbanion; tri( alky I )amine. wherein the alky] group contains 1 through 
5 carbon atoms; a conjugate base of carbamate (II); 1 ,S-dia/abicyc!o[5.4.()]undec-7- 
ene(DBL); L5-dia/abicyclo[4.3.0]non-5-enc (DBN); N-methylpipendine; N- 
5 methylmorpholine; and, 2,2,2-trichloroethoxide. The most preferred base is an alkoxy 
group having four or five carbon atoms, particularly t-amylate or t-butoxide. Sodium 
or potassium bases in combination with a lithium salt (such as, lithium chloride or 
lithium bromide) can be used to form the lithium cation and base /// situ. 

The identity of the solvent also is not critical, and includes, for 

10 example, cyclic ethers such as tetrahydrofuran (THF), amides such as 

dimethyl formamide (DMF) and dimethylacetamide (DM AC), amines such as 
triethylamine, acetonitrile, and alcohols such as t-amyl alcohol and t-butyl alcohol. 
The choice of solvent is related to the solubility of carbamate (I) and the S-epoxide 
(II), and can be determined easily by those skilled in the art. 

15 Another embodiment of the present invention is set forth in Scheme 2, 

Scheme 2 




20 




PA I I \ 1 APPLICATION 

2S341 6301A.l'S 

i.e.. the reaction between a carbamate (I) with either an (S ^secondary alcohol (IV) or 
an (S)-ester (V) to provide a corresponding (S)-oxa/olidinone (III). This process is 
performed in the same manner as that previously disclosed for Scheme 1 . 

A third process to produce the (S )-oxa/olidinone (III) is set forth in 
5 Scheme 3 and involves a reaction between an isocyanate (VI) with either a (S)- 

secondarv alcohol (IV) to give an ( S )-i intermediate ( I IT ) via compound (VII). This 
process is performed in a similar manner as that previously disclosed for Schemes 1 
and 2. 

10 Scheme 3. 





The three carbon nitrogen containing fragments, i.e., ( S)-seeondary 
15 alcohol (IV), (S)-epoxide (II). and (S)-ester (V), can be produced by different routes, 
as illustrated in Schemes 4. 5, and 6. Scheme 4 illustrates a process of preparing a 
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Scheme 4 
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(S)-3-carbon amino alcohol (IV) from an (S)-amino alcohol (VIII) and a 
dialkyldicarbonatc. For the (S)-amino alcohol (VIII), X can be halogen, 
5 alkylsulfonyl, or arylsulfonyl. A preferred X is CI. The (S)-amino alcohols (VIII) 
are known to those skilled in the art or can readily be prepared from known 
compounds by methods disclosed in WO 99/24393 from commercially available S- 
epichlorohydrin. The (S)-amino alcohol can be isolated in crystalline form after 
recrystallization. The reaction of dialkyldicarbonate and the (S)-amino alcohol (VIII) 
10 is performed as set forth in Example 3. 



amino alcohol (VIII) ultimately yields an enantiomerically pure (S)-protected alcohol 
(IV), (S)-ester (V), and (S)-cpoxide (II). The absolute configuration of the carbon 
atom in the pharmacologically useful (S)-oxazolidinone compounds (X) and (XI) is 

15 "S", and therefore it is preferable to use enantiomerically pure (S)-amino alcohol 

(VIII) and obtain enantiomerically pure (S)-protected alcohol (IV), see Scheme 4. In 
the Schemes and the claims, the supra scripted "-(S)-" as -C- ,S) - denotes the 
asymmetric carbon atom has the appropriate enantiomeric configuration (S)- such that 
when this carbon atom becomes part of an (S)-oxazoIidinonc (III. X, or XI). it is the 

20 preferred cnantiomcr. If any of the chemical sequences of the processes of the present 
invention begins with an optically impure (racemic) form, rather than an 
enantiomerically pure form, the products obtained are the corresponding optically 
impure (racemic) forms. 



It should be noted that starting with an enantiomerically pure (S)- 
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Scheme 5 illustrates a process for converting an (S)-carbamoyl alcohol 



Scheme 5 



OH 



X OR 4 
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IV 



V, R 4 = C, -C 6 alkylcarbonyl 



(IV) to a corresponding (S)-secondary ester/protected alcohol (V). To convert an (S)- 
carbamoyl alcohol (IV) to a corresponding (S)-secondary ester/protected alcohol (V), 
the (S)-carbamoyl alcohol (IV) is reacted with an appropriate acylating reagent, such 
as an acyl halide or acyl anhydride, under acylation reaction conditions well known to 
those skilled in the art. The (S)-secondary protectcd-alcohol can be isolated in 
crystalline form after recrystallization. For example, an (S)-carbamoyl alcohol (IV) 
can be transformed to a corresponding (S)-secondary ester/protected alcohol (V) by 
reaction with acetic anhydride in triethylamine, as is set forth in Example 4. For the 
(S)o-carbon amino alcohol (IV), X can be halogen, alkylsulfonyl, or aryisulfonyk 
and preferably is CI. For the corresponding corresponding (S)-secondary 
ester/protected alcohol (V), FC is C r Cs alkylcarbonyl and preferably is acetyl. It is 
preferred that the acylating reagent be selected from the group consisting of an acid 
anhydride of the formula 0(R/ ) : , wherein is C r C (1 alkylcarbonyl. or an activated 
acid of the formula R" X, wherein X can be halogen, alkylsulfonyl, or arylsulfonyl 
and preferably is -CI or -Br, and used in conjunction with base, preferably a tri(d-C\ 
alkyl)amine. It is more preferred that R/ is acetyl and X is -CI. Specifically, the more 
preferred acylating reagent is an acyl anhydride, and it is most preferred that the acyl 
anhydride is acetic anhydride. 

Scheme 0 shows a process of preparing a (S)-epoxide (II) from either 
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Scheme 6 



X OR 4 




o 

IV, R 4 = H 11 

V. R 4 = C r C f; alkylcarbonyl 



5 an (b)-J-carbon amino alcohol (IV) or an (S)-secondary ester protected alcohol (V). 
The (S)-epoxide (II) can be obtained by reaction of an (S)-secondary ester/protected 
alcohol (V) with a base, such as potassium or lithium t-butoxide, in a solvent, such as 
methanol. The (S)-epoxide can be isolated in crystalline form after chromatography. 
An (S)-epoxide (II) can be produced from a corresponding (S)-secondary alcohol (IV) 

10 by reaction with lithium t-butoxide in methanol at 20°C, as is set forth in Example 5. 
For an (S)-secondary alcohol (IV) or (S)-secondary ester/protected alcohol (V), it is 
preferred that R 4 is acetyl. For either an (S)-3-carbon amino alcohol (IV) or (S)- 
secondary ester/protected alcohol (V), X can be halogen, alkylsulfonyh or 
arylsulfonyl, and preferably is CI. 

15 An (S)-oxazolidinone intermediate (III) is readily transformed to the 

corresponding pharmacologically active tS)-oxa/olidinones (X) and (XI). as shown in 
Scheme 7. (S)-Oxazolidinone intermediate (III) first can be transformed to the 
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Scheme 7 




X, R 5 = C 1 -C 6 alkylcarbonyl or C r C 6 cycloalkylcarbonyl 

XI, R 5 = C : -C 6 alkylthiocarbonyl or C r C 6 cycloalkylthiocarbonyl 

5 (S)-oxazolidinone free amine (IX). (S)-oxazoIidinone free amine (IX) then is acylated 
with an appropriate acylating or thioacylating reagent, such as an activated acid, acyl 
halidc, acyl anhydride, or dithioester, under acylation or thioacylation reaction 
conditions well known to those skilled in the art (see Examples 14 and 16, and WO 
00 32599), to produce an (S)-oxazolidinone (X) or (XI) product, respectively. 

10 Alternatively, the transformation from compound (III) to compound 

(X) or (XI) can be accomplished as a one pot process without isolating amine (IX). It 
is preferred that the acylating or thioacylating agent is selected from the group 
consisting of an acid anhydride of the structural formula 0(R") : , an activated acid of 
the structural formula R" X, and a dithioester of the structural formula R 5 S(C=S)R 5 , 

15 wherein R' is C r C 0 alkylcarbonyl, C r C 0 cycloalkvicarbonyl, C|-C (l alkylthio- 
carbonyl. or Ci-C„ cycloalkylthiocarbonyl, and X is halogen, alkylsulfonyl, or 
arylsulfonyl. It is preferred that the acylating agent or thioacylating agent is used in 
conjunction with a base, such as a tri((VC\ alkyDamine. It is more preferred that R 5 
is acetyl and X is CI. Specifically, it is more preferred that the acylating reagent is an 

20 acyl anhydride, and most preferably the acyl anhydride is acetic anhydride. 
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(General Methods and Definitions 

Reagents were obtained from commercial sources and used without 
further purification. All temperatures are in degrees Centigrade. When solvent pairs 
5 are used, the ratios of solvents used are volume- volume (v v). When the solubility of 
a solid in a solvent is used the ratio of the solid to the solvent is weight volume 
(wt \ ). Reactions with moisture sensitive reagents were performed under a nitrogen 
atmosphere. Concentration of volumes was performed by reduced pressure rotary 
evaporation. Brine refers to an aqueous saturated sodium chloride solution. 

10 Chromatography (column and flash) refers to purification/separation of compounds 
expressed as (support/ eluent). It is understood that the appropriate fractions are 
pooled and concentrated to give the desired compound(s). High performance liquid 
chromatography (HPLC) analysis was performed using a Dionex DX-500 system with 
UV detection at 229 NM. Thin layer chromatography (TLC) was performed using 

15 250 micron Analtech silica GF plates. CMR refers to C-13 magnetic resonance 

spectroscopy, chemical shifts are reported in ppm downfield from tetramethylsilane 
(TMS). NMR refers to nuclear magnetic resonance spectroscopy. ] H NMR refers to 
proton nuclear magnetic resonance spectroscopy with chemical shifts reported in ppm 
downfield from TMS. [ refers to the angle of plane polarized light (specific 

20 optical rotation) at 25°C with the sodium D line (589 A). Mass spectrometry (MS) is 
expressed as m e, m/z or mass/ charge unit and is obtained using electron impact (EI), 
chemical ionization (CI) or fast atom bombardment (FAB) techniques. [M+H]^ refers 
to the positive ion of a parent plus a hydrogen atom. Retention time (RT) is in 
minutes and refers to the elution time of the compound after injection. IR refers to 

25 infrared spectroscopy. FTIR refers to Fourier Transform IR. 
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EXAMPLES 

The following detailed examples describe how to prepare the various 
compounds and or perform the various processes of the invention, and are to be 
construed as merely illustrative, and not limitations of the preceding disclosure in any 
way whatsoever. Those skilled in the art will recognize appropriate variations from 
the procedures both as to reactants and as to reaction conditions and techniques. 

EXAMPLE 1 



o 




F 



Preparation of N-Carbomethoxy-3-fluoro-4-morpholinylaniline (Compound L R 1 
= 3-Fluoro-4-morpholinylphenyl) 

Step A: 3-Fluoro-4-morpholinylaniline 

3,4-Difluoronitrobenzene (25.196 g, 158.38 mmol) was added to a 
mixture of morpholine (60.0 ml. 688 mmol 4.34 eq) in THF (30 ml) at -14°C. The 
mixture was permitted to warm to 10°C. then maintained at 10-13°C for 1 hr. A 
mixture of citric acid monohydrate (75 g, 357 mmol 2.25 eq) in water (365 ml) was 
added with a concomitant exotherm to 2S°C. The phases were separated, and the 
aqueous phase was washed with toluene (95 ml). The organic phase was washed with 
water (3 1 5 ml), then concentrated under reduced pressure. Toluene (46 ml) and 
methanol (60 ml) were added, followed by palladium on carbon (5%, 50% water wet, 
3. 1603 g, 0.7426 mmol 0.00469 eq), and the mixture was sealed in a Parr shaker. 
Hvdrogen pressure (40 psi) was applied and maintained while agitating for 42 mm. 
The catalyst then was removed by filtration under reduced pressure, and washed with 
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toluene (60 ml). Heptane ( 1 50 ml) added to the filtrate and the resultant slurry 
concentrated under reduced pressure. Heptane (300 ml) was added, and the 
precipitate collected by nitration under reduced pressure, washed with heptane, and 
dried to give the title compound, HPLC (stationary phase is 4.6 x 250 mm Zorbax RX 
5 C-8 column; mobile phase is acetonitrile (650 ml), triethylamine (1.85 ml) and acetic 
acid (1.30 ml) and water of sufficient amount to make 1,000 ml; How rate = 3.0 
ml/min; UV detection at 254 nm) RT = 1.08 min, > 99.3 area); ] H- NMR (Pyridine- 
ds) 6: 2.95-2.98, 3.80-3.83, 5.38, 6.68, 6.78 and 6.90 ; CMR (Pyridine-ds) 52.43, 
67.33, 103.31, 110.63, 121.29, 130.80, 146.23 and 157.72 . 

10 

Step B: N-Carbomethoxy-3-fluoro-4-morpholinylaniline (Compound I, R 1 = 3- 
FIuoro-4-morpholinvIphenvl) 

3,4-Difluoronitrobenzene (24.967 g, 156.94 mmol) w as added to a 

15 mixture of morpholine (60.0 ml, 688 mmol, 4.38 eq) in THF (30 ml) at -6°C. The 

mixture was permitted to warm to 10° over 2 hrs, then maintained at 10°C for 1/2 hr. 
A mixture of citric acid monohydrate (75 g, 357 mmol, 2.27 eq) in water (365 ml) 
was added with concomitant exotherm to 28°. The phases were separated, and the 
aqueous washed with toluene (95 ml). The organic phases were washed with water 

20 (315 ml), the aqueous back wash extracted with toluene (95 ml), and concentrated 

under reduced pressure. Toluene (76 ml) and methanol (60 ml) were added, followed 
by palladium on carbon (5%. 50% water wet, 3.1370 g, 0.7371 mmol, 0.00470 eq), 
and the mixture sealed in a Parr shaker. Hydrogen pressure (40 PS I) was applied and 
maintained while agitating for 4.5 hrs. The catalyst then was removed by filtration 

25 under reduced pressure, and washed with toluene ( 100 ml). The mixture was cooled 
to 2°C, and a mixture of aqueous potassium carbonate (47%, 17.1 ml, 85 mmol, 0.54 
eq) and water ( 150 ml) was added. Methyl chloro formate ( 1 6.4 ml, 2 1 2 mmol, 1 .35 
eq) then was added while maintaining the temperature at about 3-3.5°. The resultant 
slurry was permitted to w arm to 20-25°C. then stirred 17 hrs. The mixture is wanned 

30 to 75° to give a solution, then cooled to 46°, heptane (333 ml) added, then the mixture 
cooled to (TC. the precipitate collected by filtration with reduced pressure, washed 
w ith heptane (100 ml cooled to 5°C) then water (230 ml cooled to 5°C), and dried to 
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give Compound I. wherein FC =- 3-nuoro-4-morpholinylphenyl. TLC (silica gel; 
methanol methylene chloride, 5 95) Rf- 0.74 (one spot); l H- NMR (CDCh) 6: 3.03, 
3.76, 3.86, 6.75, 6. 87, 6.98, 7.27; CMR (CDC13) 51.18, 52.42, 67.03, 107.81, 1 14.56, 
119.00. 133.25, 135.77. 154.07. 155.70. 

5 

EXAMPLE 2 




F 



Preparation of 3-Fluoro-4-morpholinylphenylisocyanate (Compound VI, R 1 = 3- 
1 0 Fluoro-4-morpholin\iphenyl) 

A mixture of 3-fluoro-4-morpholinylaniline (Example 1, 12.01 g, 
61.21 mmol) in methylene chloride (100 ml) was added to a mixture of phosgene 
(1.93 M in toluene, 63.4 ml, 122.4 mmol, 2.00 eq) in p-chlorotoluene (60 ml) over 15 

15 min, while maintaining a temperature of about -12 to 3°C. The material was rinsed in 
with methylene chloride (30 ml). The mixture then was warmed to 130°C under 
atmospheric pressure with concomitant distillation of methylene chloride, phosgene, 
toluene, and hydrogen chloride gas into a caustic scrubber. The mixture was cooled 
to 25°C and filtered. The precipitate w as washed with methylene chloride (3 x 15 

20 ml). The filtrate was concentrated under reduced pressure. Heptane (200 ml) was 
added to the concentrated filtrate, and the resultant slurry cooled to -32°C. The 
product was collected by filtration with reduced pressure, washed w ith heptane, 
cooled to -30°C, and dried in a nitrogen stream to give Compound VI, wherein R 1 = 
3-fluoro-4-morpholinylphenyl, HPLC (stationary phase is 4.6 x 250 mm Zorbax RX 

25 C-S column; mobile phase is acetonitrile (650 ml), triethylamine (1.85 ml) and acetic 
acid ( 1.30 ml) and water of sufficient amount to make 1,000 ml; flow rate ^ 3.0 
ml min; l_ Y detection at 254 nm) RT 1.0S min. Upon derivati/ing as N- 
carbometho\y-3-fiuoro-4-nioipholin\ laniline by dissolving in methanol; '11- NMR 
(CDCh) 5: 3.05, 3. 86 and 6.78-6.89 ; CMR (CDCh) 50.90, 66.89. 1 13.1 1, 1 19.15, 
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120.83. 124.67. 127.65. 138.06 and 155.40 ; MS (EI), m z (relative intensity) 222 (37) 
and 164 (100). 

EXAMPLK 3 

5 

CI OH 

NH O — t-Bu 

Y 

o 



Preparation of tert-butyl (2S)-3-chIoro-2-hydroxypropylcarbamate, alternatively 
1 0 named N-((2S)-3-chloro-2-hydroxypropyl)(tert-butoxy)carboxamide (Compound 
IV, R 3 =t-butyl, X=C1) 

To a slurry of (2S) 1 -amino-3-chloro-2-propanol hydrochloride, (750.3 
g, 5138 mmol) in methylene chloride (2728 g) and methanol (435.4 g) at -13 C was 

15 added a solution of di-tert-butyidicarbonate (1 178.3 g, 5399 mmol, 1.05 eq) in 

methylene chloride (1 144 g) followed by triethylamine (572.3 g, 5656 mmol, 1.10 
eq). The resultant 13 C slurry was then wanned and stirred at 17-19 C for 1 h. The 
resultant solution was concentrated under reduced pressure to a 2182 g slurry. 
Toluene (959.3 g) and water (975.5 g) were added and the phases separated. The 

20 organic phase was washed with water (500 ml) and the aqueous serial back extracted 
with toluene (2 X 500 ml). The combined organics were concentrated under reduced 
pressure to 1592 g. Isooctane (5853 g) was added and the mixture seeded and stirred 
at 20-25 C for 17 h. The precipitated product w as collected by vacuum filtration, 
washed with isooctane (400 g) and dried in a nitrogen stream to afford Compound IV, 

25 wherein FC -t-butyi, X=C1, (1024 g, 95.1 %): GC retention time - 8.2 mm (15 meter 
DB5 capillary column, 70 C for 2 min, then ramp 10 C mm); 'H-NMR (CDCh, 400 
MH/)<S: 5.08 (bs, 1H), 3.92 (m, 2H), 3.57 (bs, 1H), 3.55 (m. 1H), 3.42 (m, 1H), 3.24 
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(m. 1H). 1.45 (s.9H): C-NMR (CDC 1.. 1 00 MHz) d 28.35 (q). 43.90 (t). 46.52 (t). 
71.23 (d). 80.13 (s). 157.24 (s). 

EXAMPLE 4 



CI OAc 

^ — NH O t-Bu 

Y 

O 



10 Preparation of (lS)-2-[(tert-butoxycarbonyl)amino]-l-(chloromethyl)ethyl 
acetate, alternatively named N-((2S)-3-chloro-2-acetoxypropyl)(tert- 
butoxy)carboxamide (Compound V \ R 3 =t-butyl, R 4 =Ac, X=C1) 

To a solution of tert-butyl (2S)-3-chloro-2-hydroxypropylcarbamate 

1 5 (0.9928 g, 4.74 mmol) in THF (7 ml) and tnethylamine (0,7303 g, 7.22 mmol, 1 .52 
cq) was added acetic anhydride (0.6033 g, 5.91 mmol 1.25 eq) and N, N-dimethyl-4- 
aminopyridine (0.00265 g, 0.021 7 mmol, 0.0046 eq). The solution was stirred at 
room temperature for 3 days. Toluene (10 g) and saturated aqueous sodium 
bicarbonate (10 ml) was added and the phases separated. The aqueous was washed 

20 with a mixture of toluene (10 ml) and THF (5 ml) and the combined organics dried on 
magnesium sulfate. 1 he organics were concentrated under reduced pressure to 1 .0 g 
and heptane (7.3 g) added. After standing for 25 days at 20-25 C\ a precipitate 
formed. Heptane ( 1 0.8 g) was added and the precipitate collected by vacuum 
filtration, washed with heptane ( 10 ml) and dried in a nitrogen stream to give 

25 Compound V, wherein R- -t-butyl, R 4 =Ac\ X=CU 0.3803 g (31.9%): 'H-NMR (400 
MH/, CDCh) 6: 1.45 (s, 9 H), 2.1 1 (s, 3 H), 3.41 (m, 2 H), 3.67 (m, 2 H), 4.79 (s, 1 
H). 5.07 (t, J= 5.2 Hz, 1 H); 'T NMR (CDC1,) 20.92 (q). 28.33 (q), 41.43 (t), 43.30 
(0.72.16(d), 79.89 (s). 155.85 (s). 1 70.26 (s); MS (EI) for CioHisONOa m z 25 1 M; 
[a]" n (-2, C = 1.0, methylene chloride); Anal. Calcd for C ](I H !S C1N0 4 : C, 47.72; H. 

30 7.21; N, 5.57. Found: C\ 47.70; H. 7.17; N, 5.55. 
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EXAMPLE 5 



o 

NH O t-Bu 




O 



Preparation of tert-butyl (2S)oxiranylmethylcarbamate, alternatively named N- 
[((2S)oxiran-2-vl)methyl](tert-butoxy)carboxamide (Compound II, R 3 =t-butyl, 

X=C1) 

10 To a solution of tert-butyl (2S)-3-chloro-2-hydroxypropylcarbamate 

(19.98 g, 95.29 mmol) in methanol (50.0 ml) at 13 C was added lithium t-butoxide 
(8.40 g, 104.9 mmol, 1.10 eq) while maintaining less than 22C. The mixture was 
stirred at 8 to 20°C for 15 min and water (200 ml) followed by methylene chloride 
(200 ml) was added. The phases were separated and the aqueous washed with 

1 5 methylene chloride ( 1 35 ml). The combined organics were dried on magnesium 
sulfate and concentrated to an oil. Column chromatography on silica gel (0 to 4% 
methanol in methylene chloride eluent) gave Compound IK wherein R; =t-butyl, 
X=CK as a white solid (14.26 g, 86.4%): m.p. 45-49 C; 'H NMR (400 MHZ, CDC 1.0 
tV 1.44S(s. 9H). 2.59 (s, 1 H), 2.78 (t, J - 4 Hz, 1 HK 3.09 (s, 1 H), 3.20 (dt, ./ = 14,6 

20 Hz, 1 H), 3.53 (d, J = 15 Hz. 1 H), 4.85 (s, 1 H); ! ' C NMR (CDC 1.0 28.28 (q), 41.72 
(t). 45.04 (t), 50.85 (d), 79.61 (s), 155.96 (s); MS (CIO for C s Hi f N0 3 m!z 174 
(M+H)*; [a]" n (-13, C + 1.0. methylene chloride); Anal. Calcd for C s Hi 5 NCh: (\ 
55.47; H, 8.73; N, 8.09. Found: C, 55.17; H, S.54; N, S.00. 
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EXAMPLK 6 



o 




5 Preparation of tert-butyl {(5S)-3-[3-fluoro-4-(4-morpholin\ l)phen\ l]-2-oxo-l ,3- 
o\azolidin-5-\ IJmethylcarbamate (Compound III, R 1 = 3-fluoro-4-(4- 
morpholinyOpheny 1, R -t-butvl) 

To a solution of [3-fluoro-4-(4-morpholinyl)phenyl]carbamic acid 

10 phenylmethyl ester (Example 1) (0.8758 g, 2.651 mmol) and tert-butyl (2S)-chloro-2- 
hydroxypropylcarbamate (Example 3) (0.701 1 g, 3.344 mmol, L26 eq) in DMF (1.7 
ml) in an ice bath was added a solution of lithium t-butoxide in THE (2.82 g of an 
18.1 \vt% solution, 6.37 mmol, 2.40 eq). The resultant solution was allowed to stand 
at 20 C for 44 hours (HPLC showed 95.0% conversion after 20 hours and 97.8% 

15 conversion after 44 hours). Saturated aqueous ammonium chloride (5.0 ml), water 
(10 ml) and methylene chloride (12 ml) were added and the phases separated. The 
aqueous layer was w ashed with methylene chloride (12 ml) and the combined 
organics dried on magnesium sulfate and concentrated to an oil (2.4574 g). External 
standard HPLC showed the oil to contain 0.9397 g (89.6%) of Compound III, wherein 

20 R 1 - 3-fluoro-4-(4-morpholinyl)phenyl, R/=t-butyl. HPLC retention time = 4.97 min 
(column = Zorbax SB-C8 3.5 micron 150 X 4.6 mm, flow rate = 2.0 ml min, gradient 
elution from 30:70 A:B to 90:10 A:B over 15 minutes; A = 969:30:1 acetonitrile: 
THF: trifluoroacetic acid; B= 949:50:1 water: THF: trifluoroacctic acid). An 
analytical sample of Compound III, R 1 = 3-fluoro-4-(4-morpholinyl)phenyl, R"*=t- 

25 butyl isolated by column chromatography (ethyl acetate hexanes eluent) had the 

following physical properties: nip 46.2-48.0 C; 'H-NMR (CDCK 400 MHz) 6: 7.43 
(dd, ./= 14.4. 2.4 Hz. 1H) 7.09 (dd. J = 8.8. 2.0 Hz), 0.92 (t. J = 9.2, 1H) 5.1 1 (bs. 
1H), 4.73 (bs. 111). 4.00 (t../ 8.8. 1H), 3.86 (t. ./ = 4.4, 4H), 3.80 (t, ./ ~ 6.8. 1H). 
3.50 (m, 2H), 3.04 (t../=4.S. 4H). 1.41 (s. 9H); l3 C-NMR (CDCU 100 MHz) d 28.25 
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(q), 43.27 (t). 47.53 (t), 5 1 .03 (dt. T-t = 3.02 Hz). 66.95 (t), 71 .99 (D), SO. 10 (s). 
107.50 (del. T _i ~ 26.16 Hz). 1 13.93 (dd. J t _ f - = 3.02 Hz). 1 18.83 (dd. J<-i - 4.03 Hz). 
133.18 (sd. T , - 1 1.07 Hz). 1 36.45 (sd, T . - 9.06 Hz). 154.20 (s), 1 55.55 (sd. T -i ~ 
241.50 Hz). 156.30 (s). MS (EI) m z (relative intensity) 395 (100), 339 (85); [u.f'\) - 
5 36 (CO. 71. acetonitnle); Anal Calcd for C,oH^FN;0,: C. 57.71; H, 6.63; N. 10.63; 
tbund: C\ 57.63; FT 6.81; N, 10.32. 

EXAMPLE 7 




Alternative preparation of tert-butyl {(5S)-3-[3-fluoro-4(4-morphoIinyl)phenyl]- 
2-oxo-l,3-oxazolidin-5-yl} methylcarbamate (Compound III, R 1 = 3-fIuoro-4-(4- 
15 morphoIinyl)phenyl, R 3 =t-butyl). 

To a slurry of [3-fluoro-4(4-morphohnyl)phenyl]carbamic acid 
phenyimethyi ester (Example 1 ) (1 .0039 g, 3.039 mmol) and tert-butyl 
(2S)oxiranylmeth\icarbamate (Example 5) (0.653 g, 3.77 mmol, 1.24 eq) in THF (1.5 

20 nil) at 0 C \\cb added a solution of lithium t-butoxide in THF ^1S.07 wt%, 1.735 g, 

3.92 mmol, 1 .29 eq). After standing 2 days at 20-25 C, methylene chloride (5.0 ml), 
then acetic acid (0.35 ml. 6.1 1 mmol. 2.01 eq) followed by water (3.5 ml) was added. 
The phases were separated and the aqueous washed with methylene chloride (3.5 ml). 
The combined organics were dried on magnesium sulfate and concentrated to an oil 

25 which was shown to contain 1 .03 g (S5.7%) of Compound III, wherein R 1 = 3-fluoro- 
4-(4-morpholinyl)phenyK R/=t-butyK by external standard HPLC: retention time = 
4.06 min (column = Zorbax SB-CS 3.5 micron 150 X 4.6 mm, flow rate = 2.0 ml min. 
gradient elution from 30:70 A:B to 90:10 A : B over 15 minutes; A = 969:30:1 
acetonitrile: THF: tritluoroacctic acid; B = 949:50:1 water: THF:trifluroracetic acid). 
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5 Alternative preparation of tert-butyl {(5S)-3-|3-fluoro-4-(4-morpholin\ l)phenyl|- 
2-oxo-l,3-oxazolidin-5-yl}methylcarbamate (Compound III, R 1 = 3-fluoro-4-(4- 
morphoIinyl)phenyl, R 3 =t-butyl) 



10 phenylmethyl ester. (Example 1) (0.1646 g, 0.498 mmol) and ( 1 S)-2-[(tert- 

butoxycarbonyI)amino]-l -(chloromethyl) ethyl acetate, (Example 4) (0.1534 g, 0.609 
mmol, 1 .22 eq) in DMF (0.344 g) and methanol (0.0195 g, 0.609 mmol, 1 .22 eq) at 
0"C was added lithium t-butoxide (0.0881 g, 1.101 mmol, 2.21 eq). The solution was 
allowed to stand at 20-25 T for 18 h. Acetic acid (0.057 ml, 0.996 mmol, 2.00 eq) 

15 was added. The mixture was diluted to 250 ml total volume with methanol. The 

resultant solution w as shown to contain 0.186 g (94.6%) of Compound III, w herein R 1 
= 3-fluoro-4-(4-morpholinyl)phenyl, R 3 =t-butyl by external standard HPLC: retention 
time = 4.10 min (column = Zorbax SB-C8 3.5 micron 150 X 4.6 mm, flow rate = 2.0 
ml min., gradient elution from 30:70 A:B to 90:10 A:B over 15 minutes; A - 969:30:1 

20 acetonitrile: THF: trifluoroacetic acid; B = 949:50:1 water: THF: trifluoroacetic acid). 



To a solution of [3-fluoro-4-(4-morpholinyl)phenyl]carbamic acid 



EXAMPLE 9 



o 
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Preparation of tert-butyl {(5S)-3-|4-(Kl-dioxohexahydro-l>- 6 -thiopyran-4-yl)-3- 
fluorophenyl)-2-o\o-K3-o\a/olidin-5-yHmethylcarbaniate (Compound III, R 1 = 
4-(l J-dioxohe\ahydro-lA 6 -thiopyran-4-yl)-3-fluorophenyl, R 3 =t-butyl) 

5 To a slurry of isobutyl 4-( 1 J-dioxohcxahydro-1 a > -thiopyran-4-yl)-3- 

fluorophenylcarbamate (1.0037 g. 2.92 mmol), and tert-butyl (2S)-3-chloro-2- 
hydroxypropylcarbamate ( Example 3) (0.7608 g, 3.629 mmol 1.24 eq) in DMF ( 1 .80 
ml) in an ice bath was added lithium t-butoxide in THF ( 18.07\vt% solution, 2.7465 g, 
6.20 mmol, 2.12 eq). The mixture was allowed to stand at 20-25 C for 37 h. Toluene 

10 (10ml), saturated aqueous ammonium chloride (5 ml), water (5 ml) and heptane (10 
ml) were added and the precipitate collected by vacuum filtration, washed with water 
(13.2 g) and toluene (10.2 g) and dried in a nitrogen stream to afford Compound III, 
wherein R 1 = 4-(l,l-dioxohexahydro-l /. (, -thiopyran-4-yl)-3-fluorophenyl, R 3 =t-butyl, 
1.1507 g (89.0%). HPLC retention time = 3.0 min (column = phenomenex Luna C8 5 

15 micron, 150 X 4.6 m, flow rate = 2.0 ml/min, gradient elution from 40:60 A:B to 
100:0 A:B over 15 minutes; A - acetonitrile; B - water). 



EXAMPLE 10 



o 




Preparation of tert-butyl |(5S)-3-(3-fluoro-4-tetrahydro-2H-thiopyran-4- 
ylphenyl)-2-oxo-L3-oxazolidin-5-yl]methylcarbamate (Compound III, R 1 = 3- 
fluoro-4-tetrahydro-2H-thiopyran-4-ylphenyl, R 3 =t-butyl) 

25 To a slurry of isobutyl 3-fluoro-4-tetrahydro-2H-thiopyran-4- 

ylphcnylcarbamate (0.9142 g, 2.936 mmol) and tert-butyl (2S)-3-chloro-2- 
hydroxypropylcarbamatc (Example 3) (0.7676 g. 3.661 mmol. 1.25 eq) in DMF (1.80 
ml) in an ice hath was added lithium t-butoxide in THF (18.07\\t°o solution, 3.31 g, 
7.46 mmol, 2.54 eq). The mixture was allowed to stand at 20-25 C for 1 day. 
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Saturated aqueous ammonium chloride (5 ml), water (5 ml) and methylene chloride 
w ere added and the phases separated. The aqueous was washed w ith methylene 
chloride ( 12 ml) and the combined organics dried on magnesium sulfate. Toluene (20 
ml) was added to the organics and the solution concentrated under reduced pressure to 
5 give the Compound III, wherein R ! - 3-nuoro-4-tetrahydro-2H-thiopyran-4-\iphenyl, 
R/=t-butyl, HPLC retention time - 7.1 min (column = phenomenex Luna CS, 5 
micron 150 X 4.6 mm, flow rate ^ 2.0ml /min, gradient elution from 40:60 A:B to 
100:0 A:B over 15 minutes; A = acetonitrile; B = water). 

10 EXAMPLE 11 



Preparation of benzyl 4-[4-((5S)-5{|(tert-butoxycarbonyl)amino]methyl}-2-oxo- 
l,3-oxazolidin-3-yI)-2-fluorophenyl]-l-piperazinecarbox\Iate (Compound III, R 1 
15 =3-fluoro-4-|4-(benzyIoxycarbonyl)-l- piperazinv l]phenyl, R 3 =t-butyl) 



aminojphenyi]- 1 -piperazinccarboxylic acid phenylmethyl ester (552.5 g, 1.19 mol) 
and tert-butyl (2S)-3-chloro-24iydrox\^ropylcarbamate (Example 3) (460.8 g, 2.38 

20 mol. 2.0 eq) in DMF (925 ml), methanol (96.4 ml. 2.38 mol. 2.0 eq). hexane (451 ml) 
and toluene (537 ml) w as added a solution of lithium t-butoxide (285.5 g. 3.57 mmol. 
3.0 eq) in hexanes rinse ( 1326) ml over 1 .5 hours while maintaining about 1 5 C and 
followed by hexanes rinse (50 ml). The mixture was then stirred at room temperature 
overnight at 20-25 C. The mixture w as cooled to 0 C and acetic acid ( 142.9 g, 2.38 

25 moles. 2 eq) added. Methanol (290 ml) was added and the phases separated. The 
upper phase was washed twice with methanol (290 ml) and to the combined lower 
phases added methylene chloride ( 1300 ml) and water ( 1300 ml). The phases were 
separated and the upper phase washed twice with methylene chloride (300 ml). The 
combined low er phases were concentrated under reduced pressure to 2000 ml and 



o 



o 




To a slurry of 4-[2-fluoro-4-[[(phenylmcthoxy)carbonyl] 
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methanol (650 ml) was added. The mixture was concentrated to 1500 ml and toluene 
(630 ml) and water (650 ml) added over 1 2 h. Mexanes (550 ml) were added slowly 
and the slurry cooled to 0 C and stirred 1 .5h. The precipitate was collected by 
vacuum nitration and washed with water and hexanes. A second crop was collected 
5 upon concentrating the filtrate. Both crops were triturated with cold methyl t-butyl 
ether and dried under reduced pressure to give Compound III, wherein R 1 = 3-fluoro- 
4-[4-(benzyloxycarbonyl)-l- piperazinyl]phenyl R 3 =t-butyL 493 g(78.2%): l H NMR 
(400 MHz, CDCh) 8: 1.405 (s, 9 H), 3.004 (s, 4 H), 3.52 <q,./=5, 5 Hz, d H), 3.52 (q, 
J =5 Hz, 2 H), 3.67 (U J = 5 Hz, 4 H), 3.80 (UJ = 7 Hz, 1 H), 3.99 (t, 7=9 Hz, 1 H), 
10 4.73 (m, 1 H), 4.98 (m, 1 H), 5. 1 6 (s, 2 H), 6.90 (t, J = 9 Hz, 1 H), 7.09 (dd, 7- 2, 9 
Hz, 1 H), 7.34 (m, 1 H), 7.37 (d, J = 4 Hz, 4 H), 7.43 (dd,7= 2, 14 Hz, 1 H). 

EXAMPLE 12 




15 

Preparation of tert-butyl {(5S)-3-[3,5-difluoro-4-(4-thiomorpholinyl)phenyl|-2- 
oxo-l,3-oxazolidin-5-yI}methylcarbamate (Compound UK R 1 = 3,5-difluoro-4-(4- 
thiomorpho!inyl)phenyl, R 3 =t-butyl) 

20 To a solution of benzyl 3,5-difIuoro-4-(4-tbiomorpholinyl)pbenyl- 

carbamate (0.953 g, 2.61 mmol) and tert-butyl (2S)-3-chloro-2-hydrox\propyI- 
carbamate (Example 3) (0.690 g, 3.29 mmol, 1.26 cq) in DMF (3.4 ml) at 0 C was 
added a solution of lithium t-butoxide in hexanes (1 .0 M, 6.26 ml, 6.26 mmol, 2.40 
eq). The mixture was stirred for 1 day at 20-25 C and DMF (0.5 ml) added. The 

25 mixture was partitioned between aqueous ammonium chloride and methylene 

chloride. The aqueous was washed 6 times with methylene chloride, dried on sodium 
sulfate and concentrated to a brown oil. The resulting oil was purified by column 
chromatography (ethyl acetate hexanes methanol eluent) to afford Compound III, 
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wherein R 1 - 3,5-difluoro-4-(4-thiomorpholin\i)phenyl, R^t-butyl, 0.457 g, (41%): 
Silica gel TLC R t = 0.38 (5:95 methanol: methylene chloride); ! H NMR (400 MHz, 
(T)Ch)(V 1.42 (s, 9 II), 2.75 (s, 4 11), 3.36 (u J 4 Hz. 4 II). 3.52 m, 2 11), 3.79 (L J 
7 Hz. 1 H), 3.97 (t, J = 9 Hz, 1 H), 4.74 (m, 1 H ), 4.94 (m, 1 H). 7.10 (d, J = 1 1 Hz, 
5 2 H ); MS (ESI+) for C^H^F.N X) 4 S m/z 430 (M-H)', 452 ( M *Na)* 

EXAMPLE 13 



o 




1 0 Preparation of tert-butyl {(5S)-3-[3-nuoro-4-(3-thietanyl)phenyl]-2-oxo-l ,3- 
oxazolidin-5-\i}methylearbamate (Compound III, R 1 = 3-fluoro-4-(3- 
thietanyl)phenyl, R 3 =t-butyl) 

15 To a solution of benzyl 3-fluoro-4-(3-thietanyl)phenylcarbamate 

(0.406 g, 1.28 mmol) and tert-butyl (2S)-3-chloro-2-hydroxypropylcarbamate 
(Example 3) (0.322 g, 1 .54 mmol, 1 .2 eq) in DMF ( 1 ml) in an ice bath was added a 
solution of lithium t-butoxide in THF (1 M, 3.1 ml, 3.1 mmol, 2.4 eq). The resultant 
solution was stirred at room temperature for 1 day. The mixture was partitioned 

20 between aqueous ammonium chloride and methylene chloride. The aqueous was 

washed 3 times with methylene chloride, dried on sodium sulfate and concentrated to 
a brown oil. The resulting oil was purified by column chromatography (ethyl acetate/ 
hcxancs eluent) to afford Compound 111, wherein R l = 3-fluoro-4-(3-thietanyl)phenyl, 
R 3 =t-butyK 0.360 g, (73.5%): Silica gel TLC R, ■ = 0.28 (30:70 ethyl acetate: hexanes); 

25 *H NMR (400 MHz, CDCh) 6: 1 41 (s, 9 H), 3.36 (t, ./= 9 Hz, 2 H). 3.54 (m, 2 H). 
3.62 C J = 9 Hz, 2 H), 3.843 (+,./ - 7 Hz, 1 H), 4.02 (+. J - 9 Hz. 1 H). 4. 78 (m, 2 
H), 4.95 (s. 1 H), 7.21 (d. ./= 9 Hz. I H). 7.37 (d, J= 8 Hz, 1 H), 7.42 (d. J = 10 Hz, 1 
H); MS (ESI-) for C 1S H : ;FN : 04S m z 405 (M-Na)\ 
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EXAMPLE 14 




5 Preparation of N-({5S)-3-[3,5-dinuoro-4-(4-thiomorpholinvl)phenyl|-2-oxo-l,3- 
oxazolidin-5-yl}methyl)propanamide (Compound X, R 1 = 3,5-difluoro-4-(4- 
thiomorpholinv l)phen\ i, R 5 =propionyl) 

10 To a solution of tert-butyl {5S)-3-[3,5-difluoro-4-(4- 

thiomorpholinyl )phenyl]-2-oxo- 1 ,3-oxazolidin-5-yl j methylcarbamate ( Example 1 2 ) 
(0.457 g, 1 .06 mmol) in methylene chloride (10 ml) was added trifluoroacetic acid (5 
ml). After 1 h at 20 to 25 °C, the reaction mixture was concentrated under reduced 
pressure. Methylene chloride (10 ml), pyridine ( 1 .0 ml) and propionic anhydride 

15 (0.84 ml, 5.4 mmol, 6 eq) were added and the mixture stirred for 20 h at 20-24° C. 
Methylene chloride and aqueous hydrochloric acid ( 1 M) were added and the phases 
separated. The organics were washed with hydrochloric acid (1 M) until acidic. The 
combined organics were washed with aqueous sodium, bicarbonate and saturated 
aqueous sodium chloride solutions, dried on sodium sulfate, and concentrated to give 
20 Compound X, wherein R 1 = 3,5-difluoro-4-(4-thiomorpholinyl)phenyl, R/ -propionyi 
as a white solid (0.388 g, 94.8%); l H NMR (400 MHz, CDCL.O 1.13 (t, y-S Hz, 3 H). 
2.25 (q.J=7 Hz, 2 H), 2. 28 (s,4 H), 3.36(s,4 H), 3.70(m,3 H), 3.99 (u./=9Hz, 1 H), 
4.77 (m,l H). 5.91(s,l H), 7.09 (m,2 H). 

25 EXAMPLE 15 



o 




o 

NH O LI o 
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Preparation of tert-butyl {(5S)-3-|4-(l,l-dioxido-3-thietanyl)-3-fluorophenyl|=2- 
o\o-l,3-o\azolidin-5-\ 1} methylcarbamatc (Compound III, R 1 = 4-(U-dio\ido-3- 
thietany1)-3-fIuorophenyl, R 3 =t-butyl) 

5 To a mixture of tcrt-butyl !(5S)-3-[3-nuoro-4-(3-thietanyl)phenyli-2- 

oxo- 1 ,3-o\a/olidin-5-\ 1 ! methylcarbamatc (Example 13) (OT55g, 0.41 mmol), water 
( 1.25 ml) and acetone (3.75 ml) was added N-methyhnorpholine-N-oxide (0.1 45g, 
1 .21 mmol, 3.0 eq) and a solution of osmium tetroxide in tertiary butyl alcohol (0.080 
M, 0.1ml, 0.008 mmol, 0.02 eq). The mixture was stirred for 24 h at 20-25 C and 
10 saturated aqueous sodium busulfite (20 ml) was added. The reaction mixture was 
extracted with methylene chloride (3 X 20 ml), the combined organicswashed with 
saturated aqueous sodium chloride (3 X 10 mi), water (3 X 10 ml), and dried over 
sodium sulfate. Silica gel chromatography (methanol/methylene chloride eleuent) 
gave Compound III, wherein R 1 = 4-(l,l-dioxido-3-thietanyl)-3-fluorophenyl, R'=t- 



15 butyl (0.134 g, 78%):silica gel TLC R f =0.67(5% methanol/methylene chloride); l H 
NMR (400 MHz, CDCh) 1.41 (s,9 H), 3.50 (m,2 H), 3.86 {\J =7 Hz, 1 H), 23 Hz, 2 
HU,97 (U=9 Hz, 1 H), 4.03 (U = 9Hz, 1 H), 4.29 (dd, J -8, 1 1 Hz, 2 H), 4.51 (dd, 
7-9, 23 Hz, 2 H), 4,78 (m, 1 H), 5.01 (s, 1 H), 7.22 (dd, J =2, 10 Hz, 1 H), 7.35 (m, 1 
H), 7.55(dd, J-2, 13 Hz, 1 H); VIS (ES1-) m/z (413, M-H). 



Preparation of N-({5S)-3-|4-(l,l -dio\ido-3-thietanyl)-3-fluorophenyI]-2-oxo-l ,3- 
25 oxazoIidin-5-yl}methyI)acetamide (Compound X, R 1 = 4-(l,l-dioxido-3- 
thietanyl)-3-fluorophenyl, R ^acetyl) 

To a solution of tcrt-butyl \ (5S)-3-[4-( 1 , 1 -dio\ido-3-thietanyi)-3- 
30 tluorophenyl ) -2-o\o- 1 .3-o\azolidin-5-\ 1 j methylcarbamatc ( Hxample 15) (0.1 34g, 
0 32 mmol) in methylene chloride (2 ml) was added hydrochloric acid (4 M, 3ml, 12 



20 



EXAMPLE 16 



o 
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mmol). The mixture w as stirred for 3 h at 20 to 25 C and concentrated under reduced 
pressure. The product was extracted with methylene chloride (2 x 3 ml) and pyridine 
(0.26 ml. 3.2 mmol. 10 eq) was added followed by acetic anhydride (0.1 5 ml, 1 .6 
mmol, 5 eq). The mixture was stirred at 20 to 25 C for 2 h and methylene chloride 
5 (40 ml) was added. The solution was washed with hydrochloric acid ( 1%, 3 x 10 ml), 
saturated aqueous sodium chloride (3 x 10 ml), water (3 x 10 ml), and dried over 
sodium sulfate. Silica gel chromatography (methanol/methylene chloride eleuent) 
gave Compound X, wherein R 1 = 4-( U 1 -dioxido-3-thietanyl)-3-fluorophenyl, 
R"=acetyl (0.085 g, 75.0°o):sihca gel TLC R t -=0.4(5% methanol/methylene chloride); 

10 l H NMR (400 MHz, CDCL) 2.03 (s, 3 H), 3.66 (m,2 H), 3.80 (t, J= 1 Hz, 1 H), 3.98 
(t,y= 9 Hz, 1 H), 4.06 (\J = 9 Hz, 1 H), 4,304 (UJ=8 Hz, 2 H), 4.50 (t,7 14 Hz, 2 
H), 4.80 (m, 1 H), 6.07 (s, 1 H), 7.21 (d,y = 9Hz, 1 H), 7.37 (t, J= 9 Hz, 1 H), 7.54 
(d,y= 13 Hz, 1 H): MS (ESI+) m/z (357, M+H) + . 

It will be apparent to those skilled in the art that various modifications 

1 5 and variations can be made in the present invention without departing from the scope 
or spirit of the invention. Other embodiments of the invention will be apparent to 
those skilled in the art from consideration of the specification and practice of the 
invention disclosed herein. It is intended that the specification and examples be 
considered as exemplary only, with a true scope and spirit of the invention being 

20 indicated by the following claims. 
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